Abstract Laparoscopic distal pancreatectomy (LDP) has gained large popularity in recent years, although the choice of whether to preserve the spleen has remained inconsistent. The aim of our study was to report our experiences with LDP and to provide evidence for the safety of the operative technique and an evaluation index of splenic function. We retrospectively evaluated all LDPs performed at our institution between March 2008 and February 2012. Cases were divided into a laparoscopic spleen-preserving distal pancreatectomy (LSPDP) group (n = 14) and an LDP with splenectomy (LDPS) group (n =19). Parametric and nonparametric statistical analyses were used to compare perioperative and oncologic outcomes. Demographic characteristics, operating time, length of stay, estimated blood loss, transfusion requirement, pathologic diagnosis, and complication rate were similar between groups. Patients who underwent LDPS tended to have larger masses and lower pancreatic fistula rates, but these differences were not significant. White blood cell (WBC) counts were significantly higher in the LDPS group than in the LSPDP group on postoperative days 1 and 7. To avoid splenectomy-associated complications, preservation of the spleen and especially the splenic vessels are preferred. This procedure can be performed safely and feasibly. Lower postoperative WBC counts may imply better splenic function.
Introduction
Laparoscopic distal pancreatectomy (LDP) is gradually becoming the gold standard treatment for benign and malignant neoplasms in the body and tail of the pancreas [1, 2] . Traditionally, splenectomy was performed in association with LDP because the spleen lies adjacent to the tail of pancreas and shares the same blood supply. Since the discovery of the important immunologic functions of the spleen and the risks for overwhelming post-splenectomy infection (OPSI), hypercoagulability, and hematological malignancies after splenectomy [3] , splenic preservation has increasingly been advocated.
Historically, splenic preservation has been controversial. Spleen-preserving techniques have been associated with outcomes equivalent to those of splenectomy [4] [5] [6] in open distal pancreatectomy. Furthermore, splenectomy may lead to immediate postoperative complications, such as OPSI, subphrenic abscess formation, and hypercoagulability [7] . However, criticisms of splenic preservation include increased operating risk and time, and postoperative complications [8, 9] . Thus, the superiority of a spleen-preserving or splenectomy approach remains a matter of debate. In this retrospective case-control study, splenic function, and perioperative and oncologic outcomes were compared between patients managed by spleen-preserving [laparoscopic spleenpreserving distal pancreatectomy (LSPDP)] and splenectomy [LDP with splenectomy (LDPS)] techniques. The aims of the study were to report our experience with LDP, to identify any significant difference in function or outcomes between treatment groups, and to provide evidence for the safety of the operative technique and an evaluation index of splenic function.
Materials and Methods

Patients and Definitions
We retrospectively evaluated all LDPs (n =34) performed at our institution from the time that we began to perform this operation from March 2008 to February 2012.
One patient who underwent LDP to treat an invasive malignant tumor and required en bloc resection of other intraabdominal organs was excluded from the study. Another patient who underwent LDP with cholecystostomy was not excluded. Thus, our cohort comprised 33 patients who underwent LDP with or without splenectomy (LSPDP, n =14; LDPS, n =19). Three patients who underwent LDPS had malignant masses classified as tumor, nodes, and metastases (TNM) stage Ia (n =1) or IIb (n =2) [10, 11] .
The following data were recorded for each patient: demographic information (age, sex, and body mass index), operative technique, operating time, conversion to open operation, estimated blood loss (EBL), mass size, postoperative length of stay (LoS), pathologic diagnosis, white blood cell (WBC) count and neutrophil percentage (NE%) on postoperative days 1 and 7, complications, and followup findings.
The calculation of mass size (height×length×width) was based on pathologic or radiologic measurements, depending on the properties of the neoplasm. The operating time was measured from the injection of the first trocar to final skin suturing. The presence and grade of postoperative pancreatic fistula (PF) were classified according to the definitions of the International Study Group on Pancreatic Fistula [12] .
Operative Techniques
Two teams of surgeons performed operations in both groups, and the choice of operative approach was based on the surgeons' and patients' preferences. Each patient was placed in a supine position on an operating table that allowed his/her position to be changed easily. Two surgeons, one of whom operated the laparoscope, and a nurse stood to the right of the patient, and the first assistant stood on the left side. After pneumoperitoneum was established in the umbilicus (10 mm), a 30°angled laparoscope (HD ENDOEYE, 10 mm; Olympus Corporation, Tokyo, Japan) was inserted. We then explored the abdominal cavity for undetected pathologies and determined the position of the lower extremity of the spleen, and the other three trocars were inserted as shown in Fig. 1 .
Laparoscopic Distal Pancreatectomy with Splenectomy
The entry to the lesser sac was gained by dividing the greater omentum and gastrocolic, and gastrosplenic ligaments with Ligasure™ Vessel Sealing System (Valleylab, Boulder, CO, USA) or staples. The body and tail of the pancreas were explored to determine the properties, mobility, and invasiveness of the neoplasm. Laparoscopic ultrasound was used to delineate the neoplasm and identify its relationship to the splenic vessels and surrounding organs. The posterior tissue was divided along the lower border of the pancreas. The site of pancreatic transection was determined by the location and size of the tumor; we generally chose a site 2 cm from the neoplasm. The EndoGIA system (Echelon 60; Ethicon EndoSurgery, Cincinnati, OH, USA) containing appropriate staples was inserted through the 12-mm trocar to transect the pancreas. The tail of the pancreas was lifted, and the splenorenal ligaments were divided. By retracting the pancreas inferiorly, the superior pole of the spleen and the retrogastric vessels were divided. If the pancreas was difficult to lift, we inserted a #8 catheter through its posterior portion, as shown in Fig. 2 . The resected pancreas and spleen specimen were placed into a drainage bag or a 3-L bag prepared in our laboratory. The 12-mm port was extended to enable extraction of the specimen without rupture. The procedure was completed by placing a closed drain in the left subphrenic cavity.
Laparoscopic Spleen-Preserving Distal Pancreatectomy
The lesser sac was entered via the gastrocolic ligament, and the greater curvature was mobilized carefully to ensure that the gastric vessels remained intact. The body and tail of the pancreas were explored and mobilized, and the pancreas was transected using the EndoGIA system. The splenic vessels were divided at the hilum. The pancreas and proximal splenic vessels were then divided and secured with staples, LigaSure, or clips if necessary. The other procedures were the same as those described above for LDPS.
Statistical Analysis
Statistical analyses were performed using SPSS software (ver. 16.0; SPSS Inc., Chicago, IL, USA). Characteristics and outcomes were compared between the two patient groups. Continuous and normal variables were expressed as means and compared using t -tests. Continuous and non-normal variables were expressed as medians and compared using the MannWhitney U -test. Categorical variables were expressed as proportions and compared using Fisher's exact test. Differences were considered statistically significant when P <0.05.
Results
A total of 33 cases (14 LSPDPs, 19 LDPSs) were analyzed. Patient characteristics and diagnoses are presented in Table 1 . Demographic characteristics were similar between the two groups. The indications for surgery differed; no malignant tumors were treated using LSPDP, whereas three (9 %) patients in the LDPS group had malignant tumors (one TNM stage Ia and two TNM stage IIb). The excised masses tended to be larger in the LDPS group than in the LSPDP group (38.5 vs. 18.8 cm 3 ), but this difference was not significant. Table 2 presents intraoperative and postoperative data. Intraoperatively, the LSPDP and LDPS groups showed no difference in EBL, operating time, or transfusion requirement. Two LDPSs (6.1 %) and no LSPDP were converted to open procedures, but this difference was not significant. One conversion was due to uncontrollable bleeding, and the other was combined with multiple organ resection.
Overall, 11 (33 %) patients had 15 complications, with no significant difference in complication rate between groups. Seven (21 %) patients had pancreatic leaks; the rate of this complication was higher in the LSPDP group (28.6 %; n =4) than in the LDPS group (15.8 %; n =3), but this difference was not significant (P = 0.42). The leaks were managed nonoperatively with persistent drainage for grade B leaks or percutaneous drainage for grade C leaks. Four patients had serosal effusions, but only one patient required treatment with percutaneous drainage. One patient in each group suffered Fig. 2 Division of the body of the pancreas using an EndoGIA system (Echelon 60; Ethicon EndoSurgery, Cincinnati, OH, USA) WBC white blood cell, PoD postoperative day, NE% neutrophil percentage infectious complications. Another patient had multiple premature ventricular contractions that were not related to the operation. Patients in the LDPS group had significantly higher median WBC counts on postoperative days1 and 7(P =0.005 and P =0.008, respectively), but NE% was similar. All but one patient (32/33, 97 %) attended a follow-up appointment within 3 months of surgery. No patient complained of persistent left upper quadrant pain. One patient (7.1 %) in the LSPDP group had a splenic infarction. No patient who underwent LDPS has developed OPSI to date. The three patients with malignant masses who underwent LDPS remain alive at 7, 11, and 27 months, respectively, after the operations.
Discussion
Doubts have been raised about the safety of splenic preservation. In this study, we demonstrated that LSPDP is a feasible and comparably safe, efficient approach. LSPDP was associated with an operating time, EBL, LoS, and transfusion requirement similar to those of LDPS. Both open and LSPDP have been reported to be more technically challenging than procedures with concomitant splenectomy [13] . However, Rodriguez et al. [14] reported that SPDP was associated with a shorter hospital stay and operating time, less blood loss, and fewer complications. Kristin et al. [15] confirmed these findings for laparoscopic operations. In contrast, our series showed similarities in these parameters between operative techniques. Although some may argue that our LSPDP cases were technically easier due to smaller mass size, this trend was not statistically significant. All operations were performed by two teams, and the operators' learning curves and skills may have affected our results. With the development of the technique, our surgeons may have been able to operate more quickly and safely.
Splenic preservation can be accomplished with the preservation of splenic vessels or by the Warshaw technique, which preserves the short gastric vessel arcade while sacrificing both splenic vessels. Although many groups have advocated this method because of the shorter operating time and less blood loss, we do not routinely use the Warshaw technique due to the risk of splenic complications, such as splenic infarction. Symptomatic splenic infarction has been reported to occur in 12-20 % of cases [16, 17] . In the present series, we performed the Warshaw technique in only two patients, one of whom developed splenic infarction.
In our series, surgical intervention for malignant lesions was performed in only three cases, all of which included splenectomies for fear of oncologic outcomes. Further research is needed to determine the adequacy of LDP as an oncologic procedure in the resection of malignant lesions.
The overall complications and PF rates were similar in both of our study groups. Goh et al. [18] demonstrated that splenic preservation may reduce the rate of clinically significant PFs. Although this finding was not confirmed in our series, we proved that LSPDP did not increase the incidence of this complication. Damage to the pancreas stump may be more likely to occur during splenic preservation, and the accumulation of microdamage may result in a PF. This topic requires further investigation. Infectious complications were rare and did not differ between groups, but a significant difference in splenic function was observed. Tsiouris et al. [19] used WBC and platelet counts as surrogates for measures of immunological competence and demonstrated better preservation of splenic function after LSPDP. We did not use platelet counts as markers because they may be high in patients who have undergone splenectomy, as platelets are mainly destroyed in the spleen. Instead, we used neutrophil percentages, but these did not differ between groups. The differences in WBC counts between groups imply that splenic function is preserved in LSPDP patients, but this effect requires further study and long-term outcome data.
In conclusion, our data suggest that LSPDP is a safe procedure with an operating time, EBL, and complication rate similar to those of LDPS. Postoperative WBC counts suggest that patients undergoing LSPDP may benefit from some preservation of splenic function. Spleen preservation should thus be attempted during LDP.
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